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1. Introduction

The design of synchronization signal including PSS and SSS is very important to ensure the performance of initial access. In RAN1#Ah-Hoc meeting, the design of NR-PSS and NR-SSS was discussed with the following progresses:
Agreements:
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design

· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals

· Alt.1: sequence length is about 255

· Alt.2: sequence length is about 127

· Alt.3: sequence length is about 63

· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence

· FFS on message-based synchronization signal design

Agreements:
· Down-select the number of NR cell IDs in PSS and SSS from

· Alt 1: 504

· Alt 2: about 1000 to 2000
· Alt 3: 600

· Note that other information is not excluded from PSS/SSS
· Down-select from the following alternatives on the number of NR-PSS sequence(s):

· Alt 1: One

· Alt 2: Two

· Alt 3: Three
· Alt 4: Four

· Alt 5: Six
· Companies are encouraged to evaluate and down-select from the above alternatives in the next meeting.
In this contribution, we further discuss the design of NR-PSS/SSS sequence for initial access of NR.
2. Discussion
In NR, more than 504 cell IDs can be supported to reduce possible inter-cell interference and support smaller cell. Additional information including time index of SS-block and beam number could also be carried by synchronization signal or PBCH [1]. Considering the information of PBCH should be minimized, a longer SS sequence can be introduced to carry most of these types of information. Since the system bandwidth could be significantly larger than LTE, a synchronization bandwidth of 2.16 MHz or 4.32 MHz can be supported for 15kHz subcarrier spacing and correspondingly extended to other subcarrier spacing if applied as default subcarrier spacing. Accordingly, the SS sequence length could be 127 or 255 depended on the synchronization bandwidth.
Proposal 1: The SS sequence length could be 127 or 255 regardless of the subcarrier spacing.
If more information (e.g. beam index and more cell IDs) is carried by synchronization signal, one-shot synchronization signal would be insufficient to provide similar or better detection performance than LTE. Repetition transmission is needed to ensure access latency via additional diversity gain. Compared to repetition in frequency domain, time-repetitive sequence is not limited by transmit power, and can support longer synchronization sequence in limited synchronization bandwidth. Furthermore, time-repetitive NR-PSS enables symbol level blind detection instead of chip level detection, which can significantly reduce the UE complexity.
Proposal 2:  Time-repetitive NR-PSS/SSS sequence within a SS-block is supported.
Candidates of default SS subcarrier spacing for different frequency range categories were listed in Ah-hoc meeting and would be further down-selected. It is FFS whether the default subcarrier spacing can be applied to other signals in a SS-block, e.g. PBCH and possible TSS/MRS. As proposed above, time-repetitive NR-PSS/SSS can be introduced and multiple time resources would be respectively allocated for NR-PSS and NR-SSS. To restrict the number of OFDM symbols N for a SS-block, shorter OFDM symbols than other signals can be used for SS transmission via a larger subcarrier spacing. For example, 30kHz and 15kHz can be respectively applied to SS and PBCH to support a twice repetitive NR-PSS/SSS.
Proposal 3: Apply a larger subcarrier spacing for SS than that for PBCH could be considered if time-repetitive NR-PSS/SSS is supported.
LTE-PSS/SSS sequences or new sequences may be used for NR-PSS/SSS. To find the sequences with better cross-correlation and/or phase characteristic than LTE-PSS/SSS sequences, an amount of evaluations are needed. Considering the time limitation of NR SI, it is difficult to agree on a new sequence via sufficient evaluation of many companies similar to LTE in few RAN1 meetings. Hence, ZC sequence and M sequence can be reused for NR-PSS/SSS if there is no agreed observation that significant gain can be achieved by a new sequence.
Proposal 4:  The basic sequence of LTE-PSS/SSS can be reused for NR-PSS/SSS unless a new sequence can provide significant benefits in different scenarios.
3. Conclusions
In this contribution, we discuss the design of NR-PSS and NR-SSS sequences. The proposals are summarized as follows.
Proposal 1: The SS sequence length could be 127 or 255 regardless of the subcarrier spacing.
Proposal 2:  Time-repetitive NR-PSS/SSS sequence within a SS-block is supported.

Proposal 3: Apply a larger subcarrier spacing for SS than that for PBCH could be considered if time-repetitive NR-PSS/SSS is supported.
Proposal 4:  The base sequence of LTE-PSS/SSS can be reused for NR-PSS/SSS unless a new sequence can provide significant benefits in different scenarios.
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